Abstract. In the present study we consider the modification of wood by phosphites to reduce flammable properties. We define thermodynamic parameters of modified wood surface. The study explains high values of free surface energy while studying the surface structure and the surface layer of modified wood. Based on the findings, the possibility of thermodynamic optimization of modifiers upon development of protective compositions is shown.
Introduction
Modification is an effective way to improve performance of building materials, including wood [1] [2] [3] [4] . There are mechanical, thermal and chemical modification. Technologically the simplest and most available is surface chemical modification, which allows to reduce fire risk of structures, hydrophilic properties, to create a high biocorrosion resistance. The effectiveness of surface chemical modification is determined by the selection of a modifier, which reacting with wood components causes the durability of the acquired performance properties [5] [6] .
For effective modification the selection of modifier is the most important and difficult task. It was natural, that with surface modification, surface properties affect the efficiency of the modification process. Energy properties are characterized by changes in the following thermodynamic characteristics: the contact angle, the surface tension, and the change in Gibbs thermodynamic potential of the surface during the modification.
The surface energy intensity factor is surface tension [7] . The dynamic analysis of Gibbs thermodynamic potential of the modified surface is based on the combined I and II principles of thermodynamics [8] [9] [10] [11] [12] . ∆G = σdS ௦ + S ௦ dσ The study of surface modification of wood makes it possible to estimate in advance the effectiveness of surface layer modifiers using thermodynamic quantities (∆G, σ).
Selecting the optimum characteristics allowing to estimate the efficiency of the substrate-modifier system is most rational for the selection of modifiers reducing the firehazardous properties of materials. That is the aim of the study.
To achieve the aim we set an objective to study the changes of the energy characteristics of the wood surface by the example of wood modification with phosphites, as well as the study of the thermodynamic optimization of modifiers reducing the fire-hazardous properties of materials.
Research methods
The following experimental methods are used to estimate the characteristics of modified wood.
The chemical analysis is performed using a Quanta 200 scanning microscope with an Apollo 40 attachment for element analysis using energy dispersive spectroscopy [13] . During the tests the phosphorus percentage in the samples of modified wood was estimated. The Quanta 200 microscope makes it possible to obtain high-definition images with magnification exceeding 100,000 times [14, 15] .
Data on the contact angle θ of modified wood samples are obtained by the method of a neutral drop on the Easy Drop DSA25S installation [16] . The Easy Drop installation consists of a sample holder, a liquid feeding gun mechanism and a high-definition camera. During the tests, the mechanism ensures the supply of a liquid drop and the camera provides a fixation of the moment of liquid drop contact with the sample.
Quantachrome NOVA 4200e device [17] and the Brewer-Emmett-Teller (BET) method, which measures the mass of the gas adsorbed by the sample after degassing [18] , are used to determine the specific surface of the initial and modified wood.
The valuation of the protective action of the composition is performed by the method determining the group of fire-rating effectiveness of fire retardant and by the method of experimental determination of the smoke-developed index of solids and materials [19] .
Results and discussion
The determination of thermodynamic characteristics is carried out on samples of pine sapwood in size of 40x40x10 mm, the moisture content of the samples is 8%. The 20% solutions of phosphites (dimethylphosphite (DMP), diethylphosphite (DEP), dipropylphosphite (DPP), dibutylphosphite (DBP), diphenylphosphite (DFP)) are used as modifiers. The literature notes an increase in the fire resistance of wood when modifying it with the indicated modifiers [3] [4] .
The objective of the study is to determine the change in Gibbs thermodynamic potential of the modified wood surface depending on the modifiers of the surface layer, and also to determine the relationship of the energy characteristics to the physico-chemical properties of the modified samples.
The modifiers are applied on the sample surface in two layers at temperatures of 20-25 ° C, the amount of modifiers used is 300 g / m 2 . To remove the excess amount of a modifier not reacting with the surface, the samples are extracted in Soxhlet apparatus (solventacetone, water). The samples are dried in a drying oven at 40 ° C for 6 hours, after which the samples are placed in a desiccator over anhydrous CaCl 2 and dried at 25 ° C for 7 days.
The degree of chemical interaction of the modifiers in the wood surface layer is determined by the percentage of phosphorus in the samples after extraction. The % P data is shown in Table 1 for various modifiers. The surface tension σ is determined by the neutral drop method [9, 10] at the EasyDrop installation and the corresponding software. The values S sp of wood samples are obtained using NOVA Chrome 2200 installation by the nitrogen sorption method [16, 17, 18] (Table  2) .
We obtain the dependence cosθ = f (σ) of the contact angle on the standard surface tension of a drop of the aqueous ethanol solutions of various concentrations in the form of an averaged straight line using the EasyDrop installation.
Extending the line equation to cosθ = 1, it is possible to determine the critical value of the surface tension σ, which is a characteristic of the surface energy of a surface unit ( Table  2 ) The surface of modified wood samples is also studied by electronic microscopy using a scanning electron microscope JSM-840 [14, 15] . The images of modified wood surface with an increase of 300 times are shown in Figure 3 As can be seen from the obtained images, the wood surface varies depending on the value of the OR-group alkyl in phosphites. Using modifiers with the radicals -C 3 H 7 , -C 4 H 9 , -C 6 H 5 , a complete covering of the wood surface takes place (dipropyl phosphite, dibutyl phosphite, diisopropylfluorophosphate).
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Granting smaller radicals -CH 3 , -C 2 H 5 , the oriented structure covering occurs and these modifiers (dimethylphosphite, diethyl phosphite) are characterized by the decrease of the specific surface, which is possible when covering the inner surface of the capillaries. By effective chemical modification, the walls of the capillaries are strengthened with a modifier, which results in pore size decrease and adsorption decrease.
Data on the smoke-forming capacity of wood, fire resistance [19, 20] , and water vapor sorption [21] [22] [23] are obtained to assess the operational characteristics of the initial and modified wood (Table 3) . Table 3 . Fire-hazardous properties and water vapor sorption of the initial and modified wood. Based on the obtained data of S sp and σ (Table 2) , Gibbs thermodynamic potential of the modified sample surface is calculated (Table 3 ) Table 3 shows that all values ∆G < 0, this characterizes the inadvertent process of surface modification in these conditions. The most negative values of Gibbs thermodynamic potential variation of the modified wood surface are peculiar in case of using diethyl phosphite as a modifier, which largely interacts chemically with the lignincarbohydrate complex. The thermodynamic characteristics of the modification depend on the degree of chemical interaction of the substrate with the modifier.
Initial wood

Conclusion
With a surface modification of wood by 20% solutions of phosphites, an inadvertent chemical interaction of phosphorus-containing compounds with the wood substrate occurs. The greatest degree of chemical interaction is peculiar for diethyl phosphite, the smallest for diisopropylfluorophosphate. However, the wood surface is covering with modifier by diethyl phosphite modification. In addition, based on S sp data, we can conclude on the chemical modification of the internal part of the capillaries. Strengthening of the surface and capillary structure during chemical modification with phosphorus-containing compounds leads to the reduction of fire risk and smoke-forming ability of wood.
All the data obtained are correlated with the change in Gibbs thermodynamic potential (∆G). The most negative values ∆G characterize the surface of wood materials with lower values of fire risk.
Thus, we defined the method of thermodynamic optimization of wood with the aim to improve its operational characteristics, which allows to select the most effective modifiers by value ∆G. Based on the availability of the present method, we can talk about its great practical importance. The prospect of further study is the evaluation of the effectiveness of other classes of modifiers based on the present method.
